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THE CRVEN DOL ARSENIC-THALIUM MINERALIZATION
IN ALSAR DEPOST IN THE REPUBLIC OF MACEDONIA
Ivan Boev1, Blazo Boev1 
1
”*RFH 'HOFHY” 8QLYHUVLW\ 6WLS )DFXOW\ RI 1DWXUDO DQG 
7HFKQLFDO 6FLHQFHV 5HSXEOLF RI 0DFHGRQLD
EOD]RERHY#XJGHGXPN 
Abstract
7KLV RUH ERG\ OLHV LQ WKH QRUWKHUQ SDUW RI $OVDU ,W ZDV RSHQHG E\ WZR DGLWV 
 1R  DW WKH OHYHO  P RQ WKH ZHVWHUQ SDUW DQG DGLW  DW WKH OHYHO  P 
RQ WKH HDVWHUQ VLGH  7KH PLQHUDOL]DWLRQ LV H[SORUHG XQGHUJURXQG DW WKUHH OHYHOV 
  DQG  P FRQQHFWHG E\ WZR YHUWLFDO VKDIWV 7KH PRVW VLJQLÀFDQW 
PLQHUDOL]DWLRQ RFFXUV FORVH WR WKH HQWUDQFH RI DGLW  DQG WKH YHUWLFDO VKDIW 
Keywords: Crven Dol, Alsar, Thalium mineralization.
АРСЕНСКО-ТАЛИУМСКА МИНЕРАЛИЗАЦИЈА ВО 
НАОЃАЛИШТЕТО АЛШАР, ЦРВЕН ДОЛ, РЕПУБЛИКА 
МАКЕДОНИЈА
Иван Боев1, Блажо Боев1
1 Универзитет ÅГоце Делчев”  Штип Факултет за природни и 
технички науки ǥ ǡакедониȆа
EOD]RERHY#XJGHGXPN 
Апстракт
ǣва рудно тело леȚи во ȥеверните делови на ǕлȬар ǖеȬе отворено 
ȥо два хоризонтални отвори  1R  на ниво  P на западната 
ȥтрана и хоризонтален отвор  на ниво  P на иȥточната ȥтрана 
ǡинерализациȆата е иȥтраȚувана подзеȠно на три нивоа   и  P 
поврзани ȥо две вертикални окна ǢаȆзначаȆната ȠинерализациȆа ȥе Ȇавува 
ȕлиȥку до влезот на отворот  и вертикалното окно 
Клучни зборови: Црвен Дол, Алшар, Талиумска минерализација.
ǣриȗинален научен труд8'& 
 60
   Факултет за природни и технички науки 
Универзитет “Гоце Делчев” – ШтипПриродни ресурси и технологии 
1. Introduction
7KH $OVDU GHSRVLW FRQVLVWV RI VHYHUDO RUH ERGLHV DQG QXPHURXV RFFXUUHQFHV 
HDFK FKDUDFWHUL]HG E\ VSHFLÀF DVVRFLDWLRQV RI PHWDOV DQG PLQHUDO DVVHPEODJHV 
%RHY  -DQNRYLF HW DOO 
7KH 6E$V7L$X PLQHUDOL]DWLRQ RFFXUV ZLWKLQ D ]RQH DOPRVW  NP ORQJ 
DQG    ZLGH 
Morphostructural types of mineralization 
6HYHUDO GLVWLQFW W\SHV RI PLQHUDOL]DWLRQ RFFXU LQ WKH $OVDU GHSRVLW 
LQFOXGLQJ
L 0LQHUDOL]HG EUHFFLDWHG ]RQHV GHYHORSHG DORQJ WKH FRQWDFW EHWZHHQ 
WKH VXEYROFDQLF LQWUXVLRQV ZLWK GRORPLWH DQGRU WXIIDFHRXV GRORPLWH RU DORQJ 
VKHDU ]RQHV LQ WKH FDUERQDWH URFNV DQGRU VLOLFLÀHG WXIIV 
LL 0DVVLYH OHQVHV RI UHDOJDU RUH RFFXUULQJ LQ WKH FDUERQDWH URFNV DQG 
JUDGLQJ LQWR VWRFNZRUNW\SH PLQHUDOL]DWLRQ 0DVVLYH VXOSKLGH PLQHUDOL]DWLRQ 
PDLQO\ S\ULWHPDUNDVLWH RFFXSLHV VSRUDGLFDOO\ VWHHSO\GLSSLQJ IDXOWVKHDU 
]RQHV 0DVVLYH VXOSKLGHEHDULQJ MDVSHURLGV RFFXU VSRUDGLFDOO\ RQO\ DV VPDOO 
SRGV 
LLL $ 0LQHUDOL]HG V\VWHPV RI YHLQOHWV DQG IUDFWXUHV RFFXU LQ WKH WXIIDFHRXV 
GRORPLWH DQG WKH 7ULDVVLF GRORPLWH 
LY 'LVVHPLQDWHG PLQHUDOL]DWLRQ PRVWO\ VWLEQLWH S\ULWHPDUFDVLWH JROG 
RFFXUV D DV VWUDWDERXQG ERGLHV DORQJ WKH FRQWDFW EHWZHHQ WKH EDVDO SRUWLRQ 
RI YROFDQRVHGLPHQWDU\ WXIIDFHRXV GRORPLWH DQGRU WXIIV DQG XQGHUO\LQJ 
7ULDVVLF FDUERQDWH URFNV E LQ VLOLFLÀHG YROFDQLFV ZLWK YDULDEOH DPRXQWV RI 
DUJLOOL]DWLRQ DQG F DV DEXQGDQW ÀQHO\ GLVVHPLQDWHG S\ULWHPDUFDVLWH DQG 
VWLEQLWH LQ WKH MDVSHURLGV ORFDOO\ DFFRPSDQLHG E\ DUVHQLF VXOSKLGHV DQG 7O
PLQHUDOV 
2UH ERGLHV RFFXU PRVW IUHTXHQWO\ DV VWHHSGLSSLQJ OHQVHV LUUHJXODU LQ 
VKDSH VSRUDGLFDOO\ DV RUHVKRRWV 7KH VL]H DQG VKDSH RI WKHVH RUH ERGLHV 
GHSHQG RQ FXWRII JUDGHV 
Y 6\VWHP RI WKLQ XS WR  FP ZLGH VXESDUDOOHO YHLQV RI RUSLPHQW DUH 
LGHQWLÀHG LQ WKH &UYHQ 'RO RUH ERG\ DW  P OHYHO )LJ
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Fig.1. 3DQRUDPLF YLHZ RI &UYHQ 'RO 3KRWR  ,%RHY
Сл. 1. ǤанораȠȥки поȗлед на ǫрвен Дол
2. Local geology 
&UYHQ 'RO LV FRPSRVHG RI FDUERQDWH URFNV GRORPLWH DQG PLQRU OLPHVWRQH 
PDUEOH 7DEOH  LQWUXGHG E\ D VXEYROFDQLF PDJPDWLF ERG\ " KLJKO\ 
K\GURWKHUPDOO\ DOWHUHG VR WKDW LWV SULPDU\ FRPSRVLWLRQ LV H[WUHPHO\ GLIÀFXOW 
WR LGHQWLI\ UHOLDEO\ )LJ
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Fig.2. *HRORJLFDO PDS RI &UYHQ 'RO
Сл. 2. ГеолоȬка Ƞапа на ǫрвен Дол
7KH URFN FRQWDLQV SKHQRFU\VWV RI VDQLGLQH TXDUW] DQG ELRWLWH WKH 
JURXQGPDVV FRQVLVWV PRVWO\ RI .IHOGVSDU DQG TXDUW] ,W KDV EHHQ VR IDU QDPHG 
DV TXDUW] UK\ROLWH -DQNRYLF -HOHQNRYLF  DQGHVLWH -HOHQNRYLF DQG 
3DYLFHYLF  DQG UK\ROLWLF WXII )UDQW]  
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Table 1. ,QVWUXPHQWDO QHXWURQ DFWLYDWLRQ DQDO\VHV RI KRVW URFNV LQVLGH WKH 
&UYHQ  'RO RUHERG\  DQG FRPSDULVLRQ ZLWK D PDUEOH DQG GRORPLWH RXWVLGH 
IURP YDOOH\ &UYHQ 'RO )UDQW] HW DO 
HOHPHQW a E c G e I J K
 PDUEOH DQGHVLWH EXON EXON GRORPLWH GRORPLWH GRORPLWH PDUEOH
0J GO GO GO GO  GO  GO
Ca    GO    
)H        
 SSP 

Na        
Cl GO GO GO GO < <  GO
. 229 18700      
Sc        
Cr        
0Q 450  11500     
Co        
1L < <   GO  < <
&X < < < < < < < <
=Q        
*D   < < GO GO GO 
As 210  51600 82300  36000  
Se  < GO  < < < <
%U < < < GO  GO  
5E <  < < < < < 
Sr   < <    
=U GO  GO < GO GO GO <
0R     GO  < 
$J GO GO GO GO  GO GO <
&G GO GO GO GO  GO GO 
,Q GO GO GO < GO GO GO GO
6E  <      
Cs        
%D   < < GO < < 
La        
Ce        
Pr GO  GO GO GO GO GO 
1G   GO GO   < 
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6P        
(X        
*G GO GO GO GO GO GO GO 
7E    <    
'\   < < < <  
Ho   GO GO GO GO GO 
<E    <    
/X    <    
+I   < < <   
Ta <  < < < < < 
W  < < GO GO   
Ir < < < GO < GO GO <
$X   < GO    
+J GO GO <    < 
Tl GO GO < GO GO  < GO
7K   < <    
8    <    
GO – GHWHFWLRQ OLPLW
7KH URFN FRQWDLQV SKHQRFU\VWV RI VDQLGLQH TXDUW] DQG ELRWLWH WKH 
JURXQGPDVV FRQVLVWV PRVWO\ RI .IHOGVSDU DQG TXDUW] ,W KDV EHHQ VR IDU QDPHG 
DV TXDUW] UK\ROLWH -DQNRYLF -HOHQNRYLF  DQGHVLWH -HOHQNRYLF DQG 
3DYLFHYLF  DQG UK\ROLWLF WXII )UDQW]  
7DEOH  VKRZV LQVWUXPHQWDO QHXWURQ DFWLYDWLRQ DQDO\VHV RI KRVW URFNV 
LQVLGH WKH &UYHQ 'RO RUHERG\ 7KHVH GDWD DUH LPSRUWDQW ZKHQ DQDO\]LQJ 
SULPDU\ VRXUFHV RI PHWDOV PRELOL]HG ODWHU DQG FRQFHQWUDWHG LQ WKH &UYHQ 'RO 
RUH ERG\ 7KDOOLXP FRQWHQW LQ FDUERQDWH URFNV DQG LQ WXIIV DV ZHOO LQWUXVLYH 
ERG\ " LV YHU\ ORZ ZKHUHDV DUVHQLF FRQWHQW LV KLJK  ZLWK WKH SRVVLELOLW\ 
WKDW LW RULJLQDWHG IURP K\GURWKHUPDO VROXWLRQV 7KH /,/ HOHPHQWV VXFK DV % 
. 5E &V %D DQG 6U DUH VWURQJO\ HQULFKHG ZLWK UHJDUG WR SULPLWLYH PDQWOH 
SDUWLFXODUO\ &V )UDQW]  
7KH 5(( VSLGHU GLDJUDP RI WKH DOWHUHG VXEYROFDQLF LQWUXGHG ERG\ DQG 
VXUURXQGLQJ PDUEOH DQG GRORPLWH VKRZV HQULFKPHQW LQ /5(( XS WR D IDFWRU 
 QRUPDOL]HG WR WKH &O FKRQGULWLF YDOXHV )LJ  )UDQW]  
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Norm: PRIM
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
      .1
       1
      10
     100
    1000
mermer-a andesit-b bulk - c bulk - d
Norm: PRIM
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
     .01
      .1
       1
      10
dolomit-e dolomit-f dolomit-g
Fig.3. 6SLGHU GLDJUDPV RI VDPSOHV LQVLGH DQG RXWVLGH WKH PLQH IURP &UYHQ 
'RO 6DPSOHV DUH QRUPDOL]HG WR &  FKRGULWLF YDOXHV RI 3DOPH HW DO  
IURP )UDQW] 
3. Mineralization 
7KUHH VW\OHV RI ORZ PLQHUDOL]DWLRQ KDYH EHHQ VR IDU UHYHDOHG HDFK ZLWK D 
GLVWLQFW JHRFKHPLFDO VLJQDWXUH DQG PLQHUDO DVVHPEODJH 
L Massive realgar RUH JUDGLQJ LQWR VWRFNZRUN IRUPHG LQ GRORPLWH QHDU 
RU DORQJ LWV FRQWDFW ZLWK VXEYROFDQLF LQWUXVLRQV 6SRUDGLFDOO\ KLJK JUDGH RUH 
RFFXUV LQ EUHFFLDWHG ]RQH )LJ  
7KLV RUH LV RSHQ DW WKH OHYHO  P DQG H[SORUHG E\ VKRUW FURVVFXWV DQG 
VKDOORZ VKDIW 7KLV RUH ERG\ FRQWDLQV DERXW  WRQHV ZLWK   $V   
6E    7O  SSP +J DQG  SSP $X ,W LV ORFDWHG DSSUR[LPDWHO\  P 
EHORZ WKH SUHVHQW VXUIDFH 
Realgar LV GRPLQDQW PLQHUDO DFFRPSDQLHG E\ S\ULWH DQG PDUFDVLWH PLQRU 
RUSLPHQW DQG WKDOOLXP PLQHUDOV 
5HDOJDU HQFORVHV ORUDQGLWHV DQG PDUFDVLWHV ,W DSSHDUV DV FU\VWDOV RIWHQ 
RI ODUJH VL]H DQG DV PDVVLYH SRGV DQG OHQVHV ,W LV XVXDOO\ LQWHUJURZQ ZLWK 
RUSLPHQW DQG LW IUHTXHQWO\ KRVWV ORUDQGLWH ,Q VRPH SODFHV UHDOJDU LV IRXQG WR 
FHPHQW ´JHOPDUFDVLWH” 
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Fig.4. 0DVLYH UHDOJDU LQ HGLW &UYHQ 'RO IRWR E\ ,%RHY
7DEOH  VKRZV PDMRU DQG WUDFH HOHPHQWV RI UHDOJDU ZLWKLQ WKH RUHERG\ RI 
&UYHQ 'RO )UDQW] HW DO  
Native Ag RFFXUV VSRUDGLFDOO\ LQ UHDOJDU HOHFWUXP
Orpiment RFFXUV LQ PDVVLYH RUH DV VPDOO DJJUHJDWHV LQWHUJURZQ ZLWK 
UHDOJDU EXW ORFDOO\ LW IRUPV SODWH FU\VWDOV 
Marcasite and pyrite  DUH ZLGHVSUHDG PLQHUDOV &ROORPRUSK WH[WXUHV DUH 
FKDUDFWHULVWLF IRU ERWK SDUWLFXODUO\ PDUFDVLWH 
0DUFDVLWH RFFXUV LQ FU\VWDO IRUPV EXW IUHTXHQWO\ PDUFDVLWH JUDLQV DUH 
URXQGHG 6RPH PDUFDVLWH JUDLQV FRQVLVW RI D FRUH D WKLQ ULP DQG JOREXOHV RI 
DQ $V ULFK FRPSRVLWLRQ )UDQW] HW DO  7DEOH  VKRZV FRPSRVLWLRQ RI 
PDUFDVLWH IURP &UYHQ 'RO 
Table 2. 0DMRU DQG WUDFH HOHPHQWV RI UHDOJDU IURP  &UYHQ 'RO SSP 
)UDQW] HW DO 
Element Realgar
)H  <
As 
 67
   Факултет за природни и технички науки 
   Универзитет “Гоце Делчев” – Штип NATURAL RESOURCES AND TECHNOLOGY
   Faculty of Natural & Technical Sciences
   *RFH 'HOFHY 8QLYHUVLW\ – 6WLS
Tl <
6E 
1D SSP <
. <
Sc <
Cr 
0Q <
Co <
1L GO
&X GO
=Q <
*D <
Se 
0R <
&G GO
,Q GO
Cs 
La GO
6P <
(X <
<E <
/X <
Ta <
W <
+J <
7K <
8 <
GO  EHORZ GHWHFWLRQ OLPLW 
      <
:HLJKW   Core 5LP *OREXOHV
As   
)H   
S   
Total  100 
)RUPXOD
As   
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)H 1 1 1
S   
Total   
)H6 )H$V
7KH $VULFK JOREXOHV VXUURXQGLQJ DOWHUHG PDUFDVLWH ZLWK FRUHV RI 
VWRLFKLRPHWULF FRPSRVLWLRQ FRQWDLQLQJ  ZW  )H  ZW  $V DQG 
PLQRU  6  ZW  DUH GHVFULEHG E\ )UDQW] HW DO  DV OROOLQJLWH )H 
$V  
Thallium minerals
7KH PDVVLYH UHDOJDU RUH ERG\ RI &UYHQ 'RO FRQWDLQV QXPHURXV 7O
PLQHUDOV VRPH RI WKHP KDYH EHHQ UHFHQWO\ GLVFRYHUHG 7KH OLVW RI 7OPLQHUDOV 
IURP &UYHQ 'RO LV VWLOO LQFRPSOHWH 
Tl - As - S  system 
/RUDQGLWH 7O$V62   .UHQQHU  
%HUQDUGLWH 7O$V5S8   3DVDYD HW DO 
)DQJLWH 7O3AsS4      (O *RUHV\3DYLFHYLF  :LOOLDPVRQ HW 
DO  
Lorandite LV WKH PRVW FRPPRQ WKDOOLXP PLQHUDO 
/RUDQGLWH RFFXUV LQ FORVH DVVRFLDWLRQ ZLWK UHDOJDU DQG OHVV IUHTXHQWO\ 
ZLWK RUSLPHQW ORFDOO\ ZLWK PDUFDVLWH ,W VSRUDGLFDOO\ IRUPV ODUJH DJJUHJDWHV 
DQGRU LQGLYLGXDO FU\VWDOV 
7KH ORUDQGLWH PLQHUDO IURP &UYHQ 'RO FRQWDLQV QXPHURXV WUDFH HOHPHQWV 
7DEOH 
Table 4. 0DMRU DQG WUDFH HOHPHQWV SSP LQ ORUDQGLWH IURP &UYHQ 'RO 
   )UDQW] HW DO 
Elements FP 11 FP 12 FP 13
Fe %   
As   
Tl   
Sb   
Na ppm 40 < 37
K < < <
Sc < < 
Cr 15 20 23
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Mn 48 9 58
Co < < <
Ni < < <
Cu GO < <
Zn GO < <
Ga < < <
Se < < <
Mo <  <
Cd GO GO <
In GO < <
Cs GO GO GO
La < < GO
Sm < < <
Eu < < <
Yb < < GO
Lu GO < GO
Ta < < GO
W GO < GO
Hg  < GO
Th < < GO
U < < GO
<
/HDG  3E  IURP  WR  SSP
8UDQLXP    8  IURP  WR  SSP
7KRULXP    7K  IURP  WR  SSP
Table 6. &RQFHQWUDWLRQ RI 3E 8 7K LQ ORUDQGLWH IURP &UYHQ 'RO
7RGW   FRQFHQWUDWLRQV PJJ
3E 8 7K
&U\VWDO   
6PDOO JUDLQV   
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Table 7. &RQFHQWUDWLRQ RI 3E 8 7K LQ UHDOJDU DQG RUSLPHQW IURP
&UYHQ 'RO 7RGW   FRQFHQWUDWLRQV PJJ
3E 8 7K
5HDOJDU   
2USLPHQW   
7RGW  KDV GHWHUPLQHG FRQFHQWUDWLRQ YDOXHV RI 3E 8 DQG 7K LQ D 
VLQJOH LGLRPRUSKLF FU\VWDO RI ORUDQGLWH IURP &UYHQ 'RO DQG LQ VPDOO JUDLQV 
RI ORUDQGLWH 7KHVH DQDO\VHV KDYH UHYHDOHG FHUWDLQ GLIIHUHQFHV EHWZHHQ WKHP 
7DEOH  
6XFK FRQFHQWUDWLRQ YDOXHV RI 3E 8 DQG 7K DUH VPDOO HQRXJK WR EH 
DFFHSWHG IRU WKH /25(; WHVWV 6LQFH WKH FRQFHQWUDWLRQ RI 8 DQG 7K LQ 
PLQHUDOV LQWHUJURZQ ZLWK ORUDQGLWH DUH DOVR LPSRUWDQW 7RGW  IRXQG WKDW 
WKH FRQFHQWUDWLRQ RI WKHVH FU\VWDO HOHPHQWV LQ UHDOJDU DQG RUSLPHQW DUH DOVR 
DFFHSWDEO\ ORZ 7DEOH   
7DEOH   DQG   VKRZ WKH FRQFHQWUDWLRQV RI 3E 8 7K LQ VRPH PLQHUDOV 
VXFK DV ORUDQGLWH RUSLPHQW DQG UHDOJDU WDNHQ IURP XQGHUJURXQG PLQLQJ 
ZRUNLQJV LQ &UYHQ 'RO
Table 8. 3E 8 DQG 7K FRQFHQWUDWLRQV RI UHDOJDU DW JDOOHU\ ,  P
 )UDQW] HW DO 
Realgar
Number of 
grain
Weight 
(mg)
Pb (ppm) U (ppm) Th (ppm) Level
Rea I 8    
Rea II 5    
FR 5 12     823/I/P21
FR 6 21    
FR 7 44    
FR 1 1    
FR 2 1     823/I/P21
FR 3 1    
FR 4 1    
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Table 9. 3E 8 DQG 7K FRQFHQWUDWLRQV RI ORUDQGLWH DQG RUSLPHQW IURP VKDIW
  WR  P   )UDQW] HW DO  
Lorandite
Number of 
grain
Weight 
(mg)
Pb (ppm) U (ppm) Th (ppm) Level
PA 7 1    
PA 8 § 1     823 / 800
LI 1    EO
Orpiment
A 1 1    EO
A 2 1    EO 823 / 800
Orpiment 1    
Lorandite
Number of 
grain
Weight 
(mg)
Pb (ppm) U (ppm)
Th 
(ppm)
Level
Fl 1 1    
Fl 2 1     763/IV/P25
Fl 3 1    
Fl 4 1    
Orpiment
FA 1 1     763/IV/P25
FA 2 1    
FA 3 1   EO EO
EO  EHORZ GHWHFWLRQ OLPLW
Bernardite  RFFXUV RQO\ ORFDOO\ DV FU\VWDOV RI XS WR  FP LQ VL]H ,WV 
SRVLWLRQ LQ WKH JHQHUDO PLQHUDO VHULHV LV QRW FOHDU 
Fangite ZDV GLVFRYHUHG DQG SUHOLPLQDU\ GHVFULEHG E\ (O *RUHV\ DQG 
3DYLFHYLF  EXW :LOVRQ HW DO  IRXQG WKLV 7O  $V VXOSKRVDOW LQ 
WKH 0HUFXU $X GHSRVLW 8WDK DQG FRPSOHWHG LQYHVWLJDWLRQV QHFHVVDU\ IRU LWV 
UHFRJQLWLRQ DV D QHZ WKDOOLXP PLQHUDO 
)DQJLWH IURP &UYHQ 'RO UHVHPEOHV RUSLPHQW LQ LWV RSWLFDO SURSHUWLHV (O 
*RUHV\ DQG 3DYLFHYLF  ,W ZDV IRXQG DV WKLQ OD\HUV DURXQG ORUDQGLWH 
UHDOJDU DQG RUSLPHQW ,W SUHFLSLWDWHG LQ WKH ODVW PLQHUDOL]DWLRQ HSLVRGH 
IROORZLQJ FU\VWDOOL]DWLRQ RI ORUDQGLWH 
Tl -  Sb -  As -  S   system 
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2QO\ WZR PLQHUDOV RI WKLV V\VWHP KDYH EHHQ LGHQWLÀHG LQ &UYHQ 'RO VR 
IDU 
5HEXOLWH 7O56E5As8S22 %DOLF=XQLF HW DO 
-DQNRYLFLWH 7O56E9$V6E4S22 &YHWNRYLF HW DO/LERZLW]N\ HW 
DO 
-DQNRYLFLWH LV RQH RI WKH PLQHUDOV IURP WKLV V\VWHP LGHQWLÀHG LQ &UYHQ 
'RO ,W LV DVVRFLDWHG ZLWK FRDUVHJUDLQHG UHDOJDU DQG PLQRU VWLEQLWH DQG YHU\ 
ÀQH JOREXODU S\ULWH 
-DQNRYLFLWH GLVSOD\V VRPH VWURQJ VLPLODULWLHV WR RWKHU 7O6E$V  DQG 
7O6E VXOSKRVDOWV VXFK DV UHEXOLWH DQG SDUDSLHUURWLWH SDUWLFXODUO\ WR UHEXOLWH 
/LERZLW]N\ HW DO  
$SDUW IURP WKH UHYLHZHG 7O PLQHUDOV 5LEHFN  LGHQWLÀHG 
weissbergite 7O6E62 ,W LV QRW NQRZQ ZKHWKHU WKLV PLQHUDO ZDV IRXQG LQ WKH 
&UYHQ 'RO RUHERG\ 
'HWDLOHG LQYHVWLJDWLRQ RQ PLQHUDO DVVHPEODJHV RI &UYHQ 'RO RUH FDUULHG 
RXW E\ )UDQW] HW DO  GLVFRYHUHG D QHZ PLQHUDO " LURQWKDOOLXP DUVHQDWH 
)H2Tl [(AsS4]3 +2@ ,W GLVSOD\V UDGLDO JURZWK IURP D FRUH )LJ 
 DQG RFFXUV ORFDOO\ DV D FROORIRUP W\SH ÀOOLQJ IUDFWXUHV 7KLV PLQHUDO LV 
IUHTXHQWO\ DVVRFLDWHG ZLWK KLJKO\ DOWHUHG PDUFDVLWH ,WV FKHPLFDO FRPSRVLWLRQ 
LV VKRZQ LQ 7DEOH 
 
Table 11. &KHPLFDO FRPSRVLWLRQ RI )H7O DUVHQDWH  (03  RI DGLW  P RI 
&UYHQ 'RO 
  )UDQW] HW DO 
Radial type Colomorphic type
Fe ( % )  
Tl  
As  
S  
Total  
Formula 
Fe  
Tl  
As  
S  
Total  
   
&RPSRVLWLRQ )H2 Tl ( As  S   24  [  +2O
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7KH YHU\ ORZ VXOSKXU DQG UHODWLYHO\ ORZ WKDOOLXP FRQWHQWV ZLWK KLJK LURQ DQG 
DUVHQLF FRQFHQWUDWLRQV DQG WUDFHV RI RWKHU HOHPHQWV RI DURXQG  ZW  HJ 6E LQGLFDWH 
D VHFRQGDU\ RULJLQ RI WKLV DUVHQDWH )UDQW] HW DO  
LL Stratiform orpiment bands and veinlets in tuff/tuffaceous dolomite are 
GHYHORSHG EHORZ WKH PDVVLYH UHDOJDU RUH ERG\ 7KH\ DUH UHYHDOHG LQ JDOOHU\  P 
6XESDUDOOHO EDQGV IRUP D ]RQH D IHZ PHWHUV ZLGH ,QGLYLGXDO RUSLPHQW EDQGV DUH PRVWO\ 
XS WR    FP ZLGH 
2USLPHQW LV WKH PRVW DEXQGDQW PLQHUDO DQG UHDOJDU LV DOPRVW DEVHQW 3\ULWH
PDUFDVLWH GLVVHPLQDWLRQV URXQG RUSLPHQW DUH ZLGHVSUHDG -DQNRYLF  
LLL Disseminated Tl-As mineralization in carbonate rocks PDLQO\ GRORPLWH 
LV IUHTXHQWO\ IRXQG LQ &UYHQ 'RO SDUWLFXODUO\ LQ DGLW 1R  5HDOJDU VSRUDGLFDOO\ 
RUSLPHQW 7O PLQHUDOV DQG S\ULWHPDUFDVLWH DUH WKH PDLQ PLQHUDO FRQVWLWXHQWV RI WKLV 
SRRU PLQHUDOL]DWLRQ 
6R IDU WKLV W\SH RI $V7O PLQHUDOL]DWLRQ KDV QRW EHHQ VWXGLHG 
Secondary minerals
2I WKH SULQFLSDO VXSHUJHQH PLQHUDOV RI &UYHQ 'RO WKH IROORZLQJ KDYH EHHQ LGHQWLÀHG 
VR IDU JRHWKLWH ÀEURIHUULWH 5LHFN  J\SVXP KRHUQHVLWH SLFURSKDUPDFROLWH 
5LHFN  URVHQLWH VWDUNH\WH 5LHEHFN  MDURVLWH SKDUPDFRVLGHULWH .2 2+ 
)H4 $V2 3 2+4 Q +22 DQG GRUDOOFKDULWH %DOLF=XQLF HW DO  
Some Genetic Aspects 
7KH K\GURWKHUPDO V\VWHP RI &UYHQ 'RO LQFOXGHV $V7O)H6 PLQHUDOV VSDUVH 
6E DQG EDULWH WUDFHV RI $X DQG +J DV ZHOO DV PLQRU VLOLFD 7KH VDPH PLQHUDOV DUH 
GHWHUPLQHG LQ WKH DQWLPRQ\ PLQH LQ WKH FHQWUDO SDUW RI WKH GHSRVLW 
7KH SURFHVV RI PLQHUDOL]DWLRQ WRRN SODFH LQ VKDOORZ GHSWK LQ D VWURQJ R[LGDWLRQ 
HQYLURQPHQW XQGHU KLJK DUVHQLF DQG WKDOOLXP IXJDVLW\ WKH SHULRG RI WKH GRPLQDQFH RI 
DUVHQLF ZDV IROORZHG E\ KLJK FRQFHQWUDWLRQV RI WKDOOLXP GHFUHDVLQJ JUDGXDOO\ WR WKH HQG 
RI SUHFLSLWDWLRQ RI SULPDU\ PLQHUDOL]DWLRQ 
$ JHQHWLF PRGHO RI WKH &UYHQ 'RO PLQHUDOL]DWLRQ LQYROYHV WKH IROORZLQJ 
SDUDPHWHUV 
Ultimate source of metals.  %DVHG RQ LQYHVWLJDWLRQV RI OHDG LVRWRSHV LQ RUH PHWDOV 
ORUDQGLWH UHDOJDU RUSLPHQW DQG YROFDQLFV LW LV SRVVLEOH WR FRQVWUDLQ WKH JHRORJLFDO 
KLVWRU\ RI WKH $V7O PLQHUDOV LQ &UYHQ 'RO )UDQW] HW DO  
,Q FRQFOXVLRQ WKH\ VXJJHVW WKDW OHDG LQ WKH K\GURWKHUPDO SKDVHV ZDV H[WUDFWHG 
IURP WKH QHLJKERXULQJ RU EDVHPHQW URFNV 
6LQFH WUDFH HOHPHQWV RI LQYHVWLJDWHG URFNV LQ DQG QHDU &UYHQ 'RO VKRZ WKDW $V DQG 
7OFRQWHQWV RI FDUERQDWH URFNV DUH ORZ LW DSSHDUV WKDW YROFDQLFV DUH WKH PRVW SUREDEOH 
XOWLPDWH VRXUFH RI RUH PHWDOV PRELOL]HG E\ K\GURWKHUPDO ÁXLGV 
,VRWRSLF FRPSRVLWLRQ RI VXOSKXU DVVRFLDWHG ZLWK UHDOJDU RUSLPHQW DQG ORUDQGLWH 
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IURP &UYHQ 'RO LV FKDUDFWHUL]HG E\ YDOXHV RI ƣ6 UDQJLQJ IURP  WR  R 7DEOH 
 
)URP WKHVH GDWD LW FDQ EH FRQFOXGHG WKDW VXOSKLGH VXOSKXU RULJLQDWHG IURP D 
PDJPDWLF VRXUFH 7KLV LV FRQVLGHUHG DV DQ DGGLWLRQDO FRQÀUPDWLRQ WKDW YROFDQLF URFNV 
TXDUW]ODWLWH DUH WKH XOWLPDWH VRXUFH IRU WKDOOLXP DQG RWKHU PHWDOV RI WKH &UYHQ 'RO RUH 
ERG\ 
 – &RPSRVLWLRQ RI K\GURWKHUPDO ÁXLGV +\GURWKHUPDO VROXWLRQV DUH FKDUDFWHUL]HG 
E\ KLJK DUVHQLF DQG WKDOOLXP FRQFHQWUDWLRQV 7KH\ LQWURGXFHG LQWR &UYHQ 'RO 
RYHU  WRQV RI DUVHQLF DQG DERXW  WRQV RI WKDOOLXP DQG VPDOO DPRXQWV RI 
DQWLPRQ\ DQG JROG +\GURWKHUPDO ÁXLGV ZHUH SRRU LQ VLOLFD 
 – 7HPSHUDWXUH RI PHWDOEHDULQJ VROXWLRQV UDQJHV IURP DQG & 
+RPRJHQL]DWLRQ WHPSHUDWXUH RI ÁXLG LQFOXVLRQV LQ UHDOJDU LV GHWHUPLQHG DV  WR 
& %HUDQ HW DO  
 – 6DOLQLW\ %DVHG RQ LQIRUPDWLRQ IURP ÁXLG LQFOXVLRQV LQ UHDOJDU %HUDQ HW DO  
GHWHUPLQHG VDOLQLW\ WR UDQJH IURP  WR  HTXLYDOHQW ZW  1D&O 
6RPH ZHDN LQGLFDWLRQV IRU WKH SUHVHQFH RI K\GURFDUERQEHDULQJ LQFOXVLRQV KDYH 
EHHQ UHSRUWHG E\ %HUDQ HW DO IRU UHDOJDU +\GURFDUERQ GHULYHV YHU\ OLNHO\ IURP 
WKH 3OLRFHQH VHGLPHQWDU\ EDVLQV LQ WKH YLFLQLW\ 
 – 0RGH RI PHWDOV WUDQVSRUW  7KDOOLXP DQG DUVHQLF ZHUH WUDQVSRUWHG PRVW SUREDEO\ 
DV FRPSOH[ LRQV E\ DFLG WR VOLJKWO\ DONDOLQH ÁXLGV RI ORZ VDOLQLW\ DQG XQGHU 
R[LGDWLRQ FRQGLWLRQV 
 – 3UHFLSLWDWLRQ  'HSRVLWLRQ RI DUVHQLF DQG WKDOOLXP WRRN SODFH DV WKH UHVXOW RI FKDQJHV 
RI JHRFKHPLVWU\ LQ K\GURWKHUPDO RUHEHDULQJ ÁXLGV GXH WR WKHLU LQWHUDFWLRQ ZLWK 
KRVW FDUERQDWH URFNV PRVWO\ GRORPLWH DQG UHSODFHPHQW RI KRVW URFNV 6HYHUDO 
VWDJHV RI  SUHFLSLWDWLRQ DUH GLVWLQJXLVKHG 
L 3UHFLSLWDWLRQ RI RUH PLQHUDOV ZDV SUHGDWHG E\ DQNHULWL]DWLRQ RI GRORPLWH DQG 
DUJLOOL]DWLRQ RI VLOLFDWH URFNV NDROLQL]DWLRQ 
7HPSHUDWXUH EHORZ & S+  ORZ 
LL 3UHFLSLWDWLRQ RI VLGHULWH S\ULWH PDUFDVLWH DV D ÀQHJUDLQHG PL[WXUH %DOLF
=XQLF HW DO  7KH WKDOOLXP FRQWHQW LV ORZ   
LLL 3UHFLSLWDWLRQ RI S\ULWH JOREXOHV ZLWK ORZ $V FRQWHQWV 
+LJK R[LGDWLRQ HQYLURQPHQW 
LY 3UHFLSLWDWLRQ RI DEXQGDQW UHDOJDU L DFFRPSDQLHG E\ PLQRU RUSLPHQW DQG 
UHDOJDU ORFDOO\ YHU\ PLQRU VWLEQLWH 
7HPSHUDWXUH ZDV DERXW & 7KDOOLXP FRQWHQWV VWDUWHG WR LQFUHDVH 'XH WR KLJK 
R[LGDWLRQ FRQGLWLRQV PLQRU DUVHQROLWH ZDV IRUPHG DQG OLNHO\ SKDUPDFRVLGHULWH %DOLF
=XQLF HW DO  
Y 7KLV LV VWDJH RI WKH KLJKHVW WKDOOLXP FRQFHQWUDWLRQV UHVXOWLQJ LQ GHSRVLWLRQ RI 
ORUDQGLWH IROORZHG E\ SUHFLSLWDWLRQ LQ DFFRUGDQFH ZLWK WKH GHFUHDVLQJ RI 7O DFWLYLW\ E\ 
RWKHU WKDOOLXP PLQHUDOV EHUQDUGLWH IDQJLWH MDQNRYLFLWH DD 
YL 6WDJH RI VXSHUJHQH GHYHORSPHQW LV FKDUDFWHUL]HG E\
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 – VWURQJ R[LGDWLRQ HQYLURQPHQW 
 – DPRUSKRXV LURQ DQG PDQJDQHVH VXOSKDWHDUVHQDWH VXFK DV SKDUPDFRVLGHULWH 0J
DUVHQDWH  KRHUQHVLWH ZLWK J\SVXP DEVHQW RU ORZ WKDOOLXP 
 –  WKDOOLXP PLQHUDOV RI MDURVLWH JURXS IRUPHG XQGHU KLJK 7O FRQFHQWUDWLRQV +HUH 
EHORQJV D QHZ UHFHQWO\ LGHQWLÀHG PLQHUDO GRUDOOFKDULWH 7O . )H 62  2+   
%DOLF=XQLF HW DO   
$JH RI PLQHUDOL]DWLRQ  %DVHG RQ   $U  $U LQYHVWLJDWLRQV RI VDQLGLQH JUDLQV 
VHSDUDWHG IURP WKH VXEYROFDQLF LQWUXVLRQV UHYHDOHG E\ DGLW 1R  WRWDO DJH RI LW ZDV 
HVWDEOLVKHG DV    P\ 7URHVFK DQG )UDQW]  
 7KLV DJH RI LQWUXVLRQ UHSUHVHQWV PRVW OLNHO\ WKH DJH RI SULPDU\ $V  7O 
PLQHUDOL]DWLRQ LQ WKH &UYHQ 'RO RUH ERG\ 
4. Conclusion 
,Q WKH QRUWKHUQ SDUW RI WKH GHSRVLW $OVDU ZKLFK DOVR HQFRPSDVVHV WKH &UYHQ 'RO 
VLWH WKH SUHGRPLQDQW PLQHUDOL]DWLRQ LV WKDW RI $V7O)H6 UDUHO\ RI 6E ZLWK WUDFHV RI $X 
DQG +J ,W FRQVLVWV RI
0RUSKRORJLFDOO\ FRPSOH[ PDVVLYH UHDOJDU RUHERGLHV ORFDOL]HG LQ GRORPLWHV LQ 
WKH ]RQH RI FRQWDFW ZLWK VXEYROFDQLF LQWUXVLRQV DV ZHOO DV LQ EUHFFLDWLRQ ]RQHV
6WUDWLIRUP EDQGW\SH DQG YHLQOLNH RUHERGLHV RI RUSLPHQW LQ WXIIV DQG WXIIDFHRXV 
GRORPLWHV ORFDOL]HG LQ WKH ORZHU OHYHOV RI PDVVLYH UHDOJDU RUHERGLHV
0RUSKRORJLFDOO\ FRPSOH[ LPSUHJQDWLRQW\SH 7O$V PLQHUDOL]DWLRQ LQ 
FDUERQDFHRXV URFNV PRVWO\ GRORPLWHV DQG
0RUSKRORJLFDOO\ FRPSOH[ RUH PLQHUDOL]DWLRQ ZLWK VXSHUJHQH VHFRQGDU\ DUVHQLF 
PLQHUDOV
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